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Abstrat
An asymmetry between the probabilities P (νµ → νe) and P (ν¯µ →
ν¯e) would be diret indiation of CP violation at the fundamental level.
Plank sale eets on neutrino mixing, we have derived the mixing angles
of neutrino avour due to Plank sale eets. It has been shown that
Jarlskog determinant remains nearly invariant due to Plank sale eets.
1 INTRODUCTION
The evidene of a deit of deteted solar neutrinos [1℄ indiates that eletron
neutrinos must also partiipate in lepton mixing. The partiipation of all three
neutrinos in lepton mixing raises the possibility of CP and T violation in neu-
trino osillations. The emergene of large mixing parameter in lepton setor
indiate the potentially large CP and T violation are maximal for neutrinos in
vauum. A number of auther [2-6℄ have explored the phenomenology of CP
and T violation in neutrino osillations for several dierent senarios of lepton
masses and mixing parameters. In both solar and atmospheri neutrino exper-
iments an traverse a signiant of the earth. Long baseline aelerator and
reator experiment still longer baseline. CP violation arise as three or more
generation [7, 8℄. CP violation in neutrino osillation is interesting beause it
relates diretly to CP phase parameter in the mixing for n > 3 degenerate neu-
trino. We an write down the ompat formula for the dierene of transition
probability between onjugate hannel.
∆P (α, β) = P (νµ → νe)− P (ν¯µ → ν¯e), (1)
where
(α, β) = (e, µ), (µ, τ), (τ, e).
The main physial goal in future experiment are the determination of the
unknown parameter θ13 and upper bound sin
22θ13 < 0.01 is obtained for the ref
1
[9℄. In partiular, the observation of δ is quites interesting for the point of view
that δ related to the origin of the matter in the universe. The determination of
δ is the nal goal of the future experiments. We get the analytial expression
for ∆P (α, β) using the usual form of the MNS matrix parametrization [10℄.
U =

 c12c13 s12c13 s13e
−iδ
−s12c23 − c12s23s13e
iδ c12c23 − s12s23s13e
iδ s23c13
s12s23 − c12c23s13e
iδ −c12s23−s12s13s23e
iδ c23s13

 , (2)
where  and s denoted the osine and sine of the respetive notation, thus
∆P (α, β) in vauum an be written as
∆P (α, β) = 16J (sin∆21sin∆32sin∆31) . (3)
Here α and β denote dierent neutrino or anti-neutrino avour
where
∆ij = 1.27
(
∆ij
eV 2
)(
L
Km
)(
1GeV
E
)
, (4)
∆ij = (m
2
i −m
2
j)is the dierene of i
th
and jth vauum mass square eigen
value, E is the neutrino energy and L is the travel distane and the well known
Jarlskog determinant [11℄, J is the standard mixing parametrization is given by
J = Im
(
Ue1U
∗
e2U
∗
µ1Uµ2
)
=
1
8
sin2θ12sin2θ23sin2θ13cosθ13sinδ, (5)
and the asymmetry parameter suggested by Cabibbo [12℄, as an alternative
to measure CP violation in the lepton setor
Acp =
∆P
P (νµ → νe)− P (ν¯µ → ν¯e),
(6)
The purpose of this paper is to study the Plank sale eets on Jarlskog
Determinant. In Se-2, we disuss the neutrino mixing angle due to Plank sale
eets. In Se-3, we give the onlusions.
2 NEUTRINOMIXING ANGLE DUE TO PLANCK
SCALE EFFECTS
To alulate the eets of perturbation on neutrino observables. The alulation
developed in an earlier paper [13℄. A natural assumption is that unperturbed
(0th order mass matrix M is given by
M = U∗diag(Mi)U
†, (7)
2
where, Uαi is the usual mixing matrix and Mi , the neutrino masses is
generated by Grand unied theory. Most of the parameter related to neutrino
osillation are known, the major expetation is given by the mixing elements
Ue3. We adopt the usual parametrization.
|Ue2|
|Ue1|
= tanθ12 (8)
|Uµ3|
|Uτ3|
= tanθ23 (9)
|Ue3| = sinθ13 (10)
In term of the above mixing angles, the mixing matrix is
U = diag(eif1, eif2, eif3)R(θ23)∆R(θ13)∆
∗R(θ12)diag(e
ia1, eia2, 1). (11)
The matrix ∆ = diag(e
1δ
2 , 1, e
−iδ
2
) ontains the Dira phase. This leads to
CP violation in neutrino osillation a1 and a2 are the so alled Majoring phase,
whih eets the neutrinoless double beta deay. f1, f2 and f3 are usually
absorbed as a part of the denition of the harge lepton eld. Plank sale
eets will add other ontribution to the mass matrix that gives the new mixing
matrix an be written as [13℄
U
′
= U(1 + iδθ),
=

 Ue1 Ue2 Ue3Uµ1 Uµ2 Uµ3
Uτ1 Uτ2 Uτ3

+i

 Ue2δθ
∗
12
+ Ue3δθ
∗
23, Ue1δθ12 + Ue3δθ
∗
23
, Ue1δθ13 + Ue3δθ
∗
23
Uµ2δθ
∗
12
+ Uµ3δθ
∗
23, Uµ1δθ12 + Uµ3δθ
∗
23
, Uµ1δθ13 + Uµ3δθ
∗
23
Uτ2δθ
∗
12
+ Uτ3δθ
∗
23
, Uτ1δθ12 + Uτ3δθ
∗
23
, Uτ1δθ13 + Uτ3δθ
∗
23

 .
(12)
Where δθ is a hermition matrix that is rst order in µ[13,14℄. The rst order
mass square dierene ∆M2ij = M
2
i −M
2
j ,get modied [13,14℄ as
∆M
′2
ij = ∆M
2
ij + 2(MiRe(mii)−MjRe(mjj)). (13)
The hange in the elements of the mixing matrix, whih we parametrized by
δθ[13℄, is given by
δθij =
iRe(mjj)(Mi +Mj)− Im(mjj)(Mi −Mj)
∆M
′2
ij
. (14)
The above equation determine only the o diagonal elements of matrix δθij .
The diagonal element of δθij an be set to zero by phase invariane. Using
Eq(12), we an alulate neutrino mixing angle due to Plank sale eets,
|U
′
e2|
|U
′
e1|
= tanθ
′
12
(15)
3
|U
′
µ3|
|U
′
τ3|
= tanθ
′
23
(16)
|U
′
e3| = sinθ
′
13
(17)
As one an see from the above expression of mixing angle due to Plank
sale eets, depends on new ontribution of mixing U
′
= U(1+ iδθ). To see the
mixing angle due to Plank sale eets [13,15℄ only θ13and θ12 mixing angle
have small deviation due to Plank sale eets.
3 JARLSKOGDETERMINANT DUE TO PLANCK
SCALE EFFECTS
Let us ompute Jarlskog determinant due to new mixing due to Plank sale
eets
J
′
= Im
(
U
′
e1U
′∗
e2U
′∗
µ1U
′
µ2
)
= Im((Ue1 + i(Ue2δθ
∗
12
+ Ue3δθ13))((Ue2 − i(U
∗
e1δθ
∗
12
+ U∗e3δθ13))
((U∗µ1 − i(Uµ2δθ12 + Uµ3δθ13))((Uµ2 + i(Uµ1δθ12 + Uµ3δθ
∗
23
) (18)
We simplied Jarlskog determinant due to new mixing matrix
J
′
= Im
(
Ue1U
∗
e2U
∗
µ1Uµ2
)
+Im(i(Uµ1Uµ2)(|Ue2|
2δθ∗
12
+Ue2Ue3δθ13−|Ue1|
2δθ∗
12
−Ue1U
∗
e3δθ
∗
23
)
+Im(i(U∗e1Ue2)(|Uµ1|
2δθ12 + U
∗
µ1Uµ3δθ
∗
23
− |Uµ2|
2δθ12 − Uµ2U
∗
µ3δθ13)
= J +∆J
In term of mixing angle, we an write Jarlskog determinant in term of mixing
parameter due to Plank sale eets
J
′
=
1
8
sin2(θ12 + ǫ12)sin2(θ23 + ǫ23)sin2(θ13 + ǫ13)cos(θ13 + ǫ13)sinδ, (19)
Numerially % hange of Jarlskog determinant is very small [17℄, due to
small hange of mixing angle θ12 and θ13. In reminder of this paper, we explore
the neutrino mixing and jarlskog determinant due to Plank sale eets. In
order to ensure that our disussion is relevant to theoretial, we will restrit our
onsiderations to neutrino mixing parameter due to Plank sale eets, whih
are not experimental. Finally, we an wish one omment, if future experiment
nd the non zero value of CP phase so we an say there is small possible CP
asymmetry due to Plank sale eets.
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